We report a girl with extra-adrenal pheochromocytoma complicated with impaired renal function of the ipsilateral kidney, discussing aetiologies. A 14-year-old girl presented with uncontrolled hypertension, high urinary vanillylmandelic acid level and a 5 Â 6 cm mass at the right renal hilum. Her blood pressure was under control with propranolol, prazosin, and nifedipine before surgery, and with sodium nitroprusside during surgical intervention. The total tumour removal required reconstruction of the right renal vein. Histopathology confirmed pheochromocytoma. Dimercaptosuccinic acid (DMSA) after surgery showed low uptake of isotope by the right kidney; it was unclear if this was due to the surgery or the tumour causing renal artery stenosis, but fortunately her blood pressure returned to normal thereafter. We recommend obtaining a DMSA in the preoperative evaluation of pheochromocytoma.
Introduction
Pheochromocytoma is a rare neuroendocrine tumour and one of the most common causes of surgically correctable childhood hypertension, found in two of one million children. 1 Renal artery stenosis is an uncommon aetiology of hypertension in children, although more common than pheochromocytoma. The coexistence of these two diseases is extremely rare, and is usually caused by direct compression of the tumour mass on the renal artery or fibromuscular hyperplasia of the renal artery in neurofibromatosis associated with pheochromocytoma. [2] [3] [4] We report the case of a girl with extraadrenal pheochromocytoma with impaired ipsilateral renal function.
Case report
A 14-year-old girl had suffered from recurrent episodes of severe headache for 3 years, the defining characteristic of which was a dull ache at the bitemporal area without vomiting. The duration was paroxystic and varied from minutes to hours. The symptoms were apparently provoked by exercise and stress. Symptoms associated with the headache were palpitation and diaphoresis. The physical examination at the girl's community hospital showed a blood pressure of 200/100 mmHg. Renal ultrasonography was obtained for investigation of hypertension, and showed a hypoechoic mass at the right renal hilar level of the aortocaval region. Enalapril 10 mg/day, nifedipine 30 mg/day and propranolol 30 mg/day were prescribed, but the hypertension persisted. She was then referred to our hospital due to uncontrolled hypertension with an abdominal mass.
At our hospital, the physical examination revealed blood pressure ranges from 120/90 to 200/ 110 mmHg, pulse of 110/min, symmetrical and regular pulses of the four extremities, no skin lesions indicating neurofibromatosis, no signs of hyperthyroidism or Cushing's syndrome characteristic of multiple endocrine neoplasia, and no features suggesting von Hippel-Lindau disease or Carney's triad. Her weight was 31 kg and height 151 cm (both less than the third percentile for her age). The cardiovascular and respiratory systems were unremarkable. No abdominal mass was palpable and no abdominal bruit was audible. Both eye grounds showed hyperemic discs, retinal dot haemorrhages and exudates, and moderate disc swelling compatible with hypertensive retinopathy grade 2. Complete blood count, blood urea nitrogen, creatinine, electrolytes, calcium and phosphate level, urinalysis, and chest roentgenogram were normal. A radio-contrast-enhanced computed tomography (CT) scan of the abdomen, compared with a previous unenhanced scan, showed a well circumscribed, heterogeneously enhanced mass 3.4 cm in diameter at the hilum of the right kidney. The right renal artery was poorly demonstrated ( Figure  1a , b). The urine vanillylmandelic acid (VMA) was 34.4 mg/mg Cr (normal 6.4-15.4 mg/mg Cr for age 11-15 years). A plasma renin activity measurement was not obtained. Based on these factors, pheochromocytoma was diagnosed.
Preoperative blood pressure control was administered until the girl's blood pressure decreased to 120/70-130/80 mmHg through minipress 3 mg/day, nifedipine 40 mg/day, and propranolol 80 mg/day. When the blood pressure was acceptable after 10 days of treatment, an exploratory laparotomy was performed, which revealed a highly vascularised tumour of 5 Â 6 cm, fixed to both renal veins and the posterior wall of the inferior vena cava at levels L 1 and L 2 . The right renal vein was cut and reanatomosed to allow the complete removal of the tumour. The intake/output during the 6-h surgery was 12 182/4040 ml (including 1037 ml packed red cells and 345 ml freshly frozen plasma). The blood pressure was well controlled throughout the surgery, although the girl developed clinical volume overload immediately postoperation, which responded favourably to intravenous furosemide. The pathological diagnosis was compatible with pheochromocytoma.
Her blood pressure gradually decreased to normal levels for her age, about 110/60-120/80 mmHg, her pulse rate stabilised at about 95-110/min, and her headache and palpitations disappeared. Antihypertensive medications were tapered off within 1 week and the urine VMA was 6 mg/mg Cr at the 10th day postoperation.
Post operation 99m Tc-dimercaptosuccinic acid (DMSA) was performed to assess renal function, and showed low uptake of isotope by the right kidney. The differential renal function of left to right kidney was 66 to 34 percent ( Figure 2 ).
Discussion
Gill et al 5 reported that 10 of 296 adults with pheochromocytoma had coexisting renal artery stenosis, and Deal et al 6 reported four of 10 children with high plasma renin activity, which reduced to normal after a tumour was removed, suggesting an association. High plasma renin activity in pheochromocytoma indicates an association with renally 
Renal function in a child with pheochromocytoma
T Chotsampancharoen et al caused hypertension, such as renal artery stenosis, intrinsic renal artery diseases or intrinsic parenchymal disease. 6 The mechanisms of pheochromocytoma-caused renal artery stenosis are direct compression of the tumour on the renal artery, excess catecholamineinduced vasospasm causing reduced flow leading to renal ischaemia, fibromuscular dysplasia and fibrous bands emanating from the tumour.
2,3 Direct tumour compression is the most common mechanism reported. [2] [3] [4] 7, 8 Tumour size and/or location at the renal hilum is an important concern of renal artery compression. A large tumour will directly compress the renal artery or will compress the kidney, a displacement which may in turn distort the renal artery or its branches. The renal hilum is a very small space and it contains renal artery vessels; thus, even a small tumour can cause renal artery compression. Unfortunately this is the most common location of extra-adrenal pheochromocytomas. 9 A renal angiogram can play an important role in diagnosing the definite aetiology of high plasma renin activity in hypertensive patients. However, an angiogram is often a difficult procedure since it is a rather invasive investigation, and requires an experienced radiologist and anaesthetist. It is also well known that in pheochromocytoma, blood pressure control is quite difficult, in particular during anaesthesia; thus, an angiogram requiring anaesthesia in affected children is potentially risky. Additionally, in our situation, renin activity measurement is performed in only one institute in Bangkok, over 1000 km distant; safe transportation is difficult to arrange. Thus, with all factors considered, we finally decided to remove the tumour first and consider further investigation if the blood pressure did not stabilise satisfactorily after surgery.
The ideal surgical treatment for this type of situation is to completely resect the tumour with vascular reconstruction, bypass, angioplasty, and preserved renal function. 4 A high index of suspicion is necessary to differentiate the entities of renal artery stenosis preoperatively. Incomplete diagnosis may lead to inadequate surgery and persistent hypertension postsurgery. 5 Therefore, appropriate evaluation and management are essential for a favourable outcome. However, the presence of renal artery stenosis has been preoperatively confirmed in only half of studied pheochromocytoma cases. 4, 7 Fortunately, in our case, the blood pressure returned to normal, with some renal damage apparently caused by the surgery, although there was no way to be sure it was not pheochromocytoma-caused renal artery stenosis, or due to underlying renal damage from some other cause, since there was no preoperative DMSA for comparison.
We feel that, although DMSA has not been previously encouraged, this test is highly valuable in properly differentiating renal functions and to screen for renovascular-caused hypertension. Additionally, DMSA is not invasive and it is very sensitive.
Medical management of hypertension where possible is to be desired rather than surgery. 10 Phenoxybenzamine and labetelol (a and b blockers), traditional medications in blood pressure control in pheochromocytoma, are not available in our country. Nifedipine has been one of the medications used with encouraging results in terms of achieving normal blood pressure in pheochromocytoma cases. 6, 11 Propranolol (b blocker) and prazosin (a blocker) combined with nifedipine (calcium channel blocker) provided good blood pressure control in our patient. Additionally, during surgery, sodium nitroprusside was given instead of phenoxybenzamine to maintain normal blood pressure, and it also provided good blood pressure control throughout the surgery.
Conclusion
Pheochromocytoma is a rare condition, but important because it can lead to serious hypertension that is surgically correctable and need not be treated long term with medication. Diagnosticians of hypertension in paediatric cases should be aware of the risk, however slight, of the potential coexistence of renal artery stenosis with pheochromocytoma. The kidney is an organ at risk both from tumours and surgical complications related to the tumour location. DMSA is recommended in the preoperative evaluation of pheochromocytoma.
